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Abstract

Fires, either natural or prescribed, are essential for conserving pyrogenic ecosystems; however, climate
change is predicted to increase fire severity that could negatively impact species diversity. Reptile and amphibian
species may be particularly at risk given they are ectothermic species. The objective of this study was to better
understand the impacts of fire severity on the herpetofaunal communities of the Florida scrub habitats, which is an
imperiled ecosystem that sustains over two-thirds of listed reptiles and amphibians in Florida. We conducted a fieldbased study to test taxonomic and functional herpetofaunal diversity differences across four varying fire severities:
unburned, low, medium and high. We also examined the association between herpetofaunal diversity and
microhabitat variables. We recorded 549 individuals representing 23 different reptile and amphibian species. The
herpetofaunal community was not significantly different between the fire severity plots; however, microhabitat
variables and variability were significantly associated with species diversity. Interesting, the endangered sand skink,
Plestiodon reynoldsi, was not recorded at the high severity plots, which could have implications on fire management
practices of this federally listed threatened species. In this study, we demonstrate fire severity does not have direct
effects but indirect effects on herpetofaunal species diversity in the Florida scrub habitat, increased fire severity
impacts on leaf litter has the potential to have detrimental effects on herpetofaunal diversity. This study highlights
the importance of fine-scale microhabitat variables as an important indicator for biodiversity conservation.
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Introduction

Fires, either natural or prescribed, are essential for conserving pyrogenic ecosystems, such as the
Mediterranean chaparral, Australian mallee, African Savanna and Florida scrub (Archibald et al. 2005, Ashton and
Knipps 2011, Elzer et al. 2013, McCoy et al. 2013, Santos and Cheylan 2013). Over the past centuries fire
suppression had been established in many parts of the world resulting in altered disturbance regimes, which leads to
biodiversity loss (Hromada et al. 2018). This biodiversity loss alerted managers to the danger of fire suppression, in
which many foresters in North America made prescribed burning a management tool to restore ecosystems
(Jacobsen et al. 2020, Perry et al. 2009). Prescribed burning is a common practice throughout the southeastern
United States that aids in ecosystem processes (Menges et al. 2017). It helps restore ground cover, restore vegetation
structure, enhance wildlife habitat, and reduce fuel loads (Kuchinke et al. 2020, Menges et al. 2017). Fire
management through prescribed burning is used to mimic natural fire regimes through variations in fire behavior,
fire-return interval, fire severity and burn season (Duncan et al. 2015, Menges et al. 2017, McCoy et al. 2013). Fire
severity is a factor that is of particular interest since climate change is predicted to increase the severity of fires, by
increasing fuel loads, changing wind speeds, reducing rainfall, and increasing natural fire ignitions (Penman et al.
2015, Zuniga et al. 2021). All of which could cause detrimental impacts on species diversity (Hossack et al. 2009).
To conserve pyrogenic ecosystems biodiversity, we need to better understand the effects of prescribed burning,
especially the effects of fire severity on native biodiversity (Menges et al. 2017).

Fire intensity is the energy output from the fire, whereas fire severity is a measure of how fire intensity
alters ecosystems (Keeley 2009). Fire severity quantifies the loss of organic matter aboveground through measures
of biomass loss, such as plant mortality, scorch height, and loss of leaf litter (Kuchinke et al. 2020). These
parameters will vary depending on the ecosystem (Keeley 2009). Roberts et al. (2008) demonstrated the abundance
of small mammal species in California was directly related to fire severity due to altered vegetation structure and
habitat heterogeneity. The abundance of deer mice decreased with fire severity, due to the high fire severity altering
their important food source of conifers. Fontaine and Kennedy (2012) conducted a meta-analysis on the short-term
taxonomic response of vertebrates to fire severity. They showed positive responses of birds to higher severity fires
1

with some mammal species responding positively and other mammal species responding negatively. They
recommended higher intensity fires should be implemented by land managers when burning a landscape to create a
mosaic of mixed severity. Interestingly, they had insufficient data on reptile and amphibian species to include in
their analysis due to high severity data being insufficient. Most studies on the effects of fire severity predominately
focus on changes to the vegetation and bird species responses (Fontaine and Kennedy 2012). The effects of fire
severity on mammals are relatively limited; however, even less is known about how fire severity influences reptile
and amphibian species (Fontaine and Kennedy 2012). A better understanding of how fire severity impacts these
ectothermic species will further aid in conservation management practices to maintain the native biodiversity (Price
et al. 2010).

Reptile and amphibian species are important to conserve due to their vital ecological functions in an
ecosystem, such as their role as mesopredators (Timm et al. 2020). Both reptile and amphibian species act as
predators to insects, but in turn serve as prey for birds (Greenberg and Waldrop 2008, Leavitt and Schalk 2018).
They are not only an important element of biological diversity but help support the biological diversity of
vertebrates (Greenberg and Waldrop 2008). Reptiles and amphibians might be particularly sensitive to fire altering
their environment because they are ectothermic. Ectothermic species regulate body temperature by relying on
ambient temperatures, which is essential for locomotion, reproduction, digestion, and escape (Elzer et al. 2013).
Elzer et al. (2013) found small changes in canopy cover may result in profound changes to thermoregulatory
opportunities for reptiles by reducing the thermal quality of reptile’s habitats. Alternatively, Erwin and Stasiak
(1979) documented fire, by prescribed burning, caused minimal direct effects on reptile and amphibian communities
given most are able to avoid fire by escaping or burrowing. However, indirect effects due to altered reproduction,
diet, and thermal performance are not well studied (Mushinsky 1985). Most reptiles and amphibians, when
compared to other taxa such as birds and mammals, have low dispersal ability, small home ranges, and
thermoregulatory restraints that increases their vulnerability to habitat degradation (Bohm et al. 2013). Thus, one
expects fire severity to increase habitat degradation and cause indirect effects on herpetofaunal communities. Given
reptiles and amphibians are critical ecosystem components, it is important to better understand the impacts of fire
severity on these ectothermic species (Timm et al. 2020).
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Understanding the impact of fire severity on the herpetofauna community is vital for Florida scrub habitats.
The Florida scrub habitat is an important pyrogenic ecosystem because it is a globally threatened ecosystem that
sustains over two-thirds of listed reptiles and amphibians in Florida (Meshaka and Layne 2002). Florida scrub
habitats are rapidly declining, having lost over 60% of its original extent due to agriculture and urban development,
and include a diverse and endemic herpetofauna (Ashton and Knipps 2011, Meshaka and Layne 2002, McCoy and
Mushinsky 1994). Most studies to date focus on herpetofaunal diversity changes driven by time since fire and fire
frequency (Ashton and Knipps 2011, Halstead 2007, McCoy et al. 2013). Within Florida scrub, researchers
demonstrated no difference in reptile and amphibian species richness with time since fire; however, the abundance
of one species, Plestiodon reynoldsi (Florida sand skink), did show variation with the largest abundance in burn sites
of more than 17 years intervals. This result is most likely due to leaf litter accumulation since the litter may contain
important prey items for the Florida sand skink to utilize (Ashton and Knipps 2011, McCoy et al. 2013). Mushinsky
(1985) found greater herpetofaunal diversity was bimodal with peaks occurring at an annual fire frequency and
every 7 years. Whereas the lowest diversity occurred at sites with a fire frequency of every 2 years. Halstead (2007)
found fire frequency had notable effects on the community composition of reptiles and amphibians in Sandhill
habitats. Halstead (2007) noted the community composition in Sandhill habitats was positively correlated with
herbaceous ground cover and leaf litter. However, the effects of fire severity on herpetofaunal diversity in Florida
scrub communities of the Lake Wales Ridge remains poorly understood (Mushinsky 1985, Hossack et al. 2009).

The objective of this study was to better understand reptile and amphibian species responses to varying fire
severity in the Florida scrub communities of the Lake Wales Ridge. The goal of this study was to provide land
managers with information on the impacts of fire severity on reptile and amphibian species in the Florida scrub
habitat since it is an imperiled ecosystem that harbors many threatened and endangered reptiles and amphibians in
Florida (Meshaka and Layne 2002). Furthermore, this information will help improve mitigating strategies for
biodiversity conservation in the face of climate change with predicted intensifying fire regimes, including fire
severity (Hossack et al. 2009, Zuniga et al. 2021). The novelty of this research was to test the following hypotheses:

1) Species composition was expected to shift based on fire severity, because fire severity impacts the
succession of vegetation communities. Some species such as Aspidoscelis sexlineata (six-lined
racerunner) and Sceloporus woodi (Florida scrub lizard) are documented to be common in habitats that
3

are opened due to fire, thus is expected to be the most dominant species in the higher fire severity
plots. The dominant species in the lower severity plots are expected to be Anolis carolinensis (green
anole) due to habitat preferences for dense, large shrubs.
2) Reptile and amphibian taxonomic and functional diversity was predicted to be largest at the lower fire
severity plots. This is due to higher fire severity plots causing increased ground openness and shrub
scorch height that may reduce thermal quality for reptile and amphibian species.
3) Reptile and amphibian taxonomic and functional diversity was expected to be positively associated
with some microhabitat variables and variability and negatively associated with others (e.g., leaf litter
vs. bare ground). The more microhabitats within the fire severity plots the more species should be able
to coexist.
4) Microhabitat variables and variability were also expected to shift based on fire severity due to higher
severity fires causing the majority of the vegetation to be consumed by the fire. Microhabitat variables
and variability were predicted to decrease with increasing fire severity with variables being the largest
at the lower severity plots and smallest at the higher severity plots.
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Materials and Methods

Study area
This study was conducted at Archbold Biological Station. This research facility is 5,193 acres found in the
central Florida city of Venus, in Highlands county (27°10’50” N, 81°21’00” W) (Abrahamson et al. 1948, McCoy et
al. 2013). It is located in the Florida scrub on the Lake Wales Ridge and is home to many endemic species
(https://www.archbold-station.org). The Lake Wales Ridge is a geomorphological feature that runs down central
peninsular Florida (Weekley et al. 2008). The ridge is composed of a beach dune system and a historical shoreline
that dates to the Pleistocene and it is considered a global hotspot for biodiversity (Weekley et al. 2008). The
southern part of the ridge is a region that encompasses a vast number of endemic species compared to that of other
areas of the ridge (Abrahamson et al. 1984). Fires in this station have been reported starting at the 1920’s and the
station has been continuously mapping all fires since 1967. Archbold Biological Station and the adjoining Archbold
reserve, which is an additional 3,648 acres, is also home to 19 federally listed species, 50 species of reptile, and 23
species of amphibians, which makes this a valuable area for conducting conservation research
(https://www.archbold-station.org).

Data acquisition
Sampling took place between July 22-August 4, August 26-September 8, and September 23-October 6,
2020 at Archbold Biological Station (Fig. 1a). There was a total of twelve plots sampled, each consisting of an 8m x
8m square (64 m2). The plots were selected based on varying fire severity, at least 300 meters apart from one
another and with a 100-meter buffer zone with a similar severity index due to fires being patchy in nature. I selected
three plots with high burn severity, three plots with medium burn severity, three plots with low burn severity and
three plots that remained unburned, resulting in a total of 12 plots (Fig. 1b). Each of the 12 plots were sampled
during the three different sampling periods. All sampling plots consisted of similar time since last fire and fire
frequency. Each plot selected was burned in the past 0-2 years, with a fire return interval of every four years and
given a severity index of either high fire severity, medium or low fire severity.
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Figure. 1 a) Site map of Archbold Biological Station with the study area circled in black. Reprinted from “Station
Fire Management Plan,” by Main and Menges, 1997, Land Management Publication, 97. Used with permission, b)
Map of plot locations within Archbold Biological Station.
Fire severity
The fire severity of each plot was determined by Archbold Biological Station’s staff by their intensive fire
mapping program. After fires occurred, the intensity of each fire was measured visually by vegetation indicators
(Table 1) and all fires were all mapped into GIS within two months of the burn (Main and Menges 1997). Aerial
flights were also conducted over several burned areas to determine accurate intensity boundaries and ground truthed
(Main and Menges 1997). For this study, plots were selected based on the intensity of the last fire that occurred.
Plots consisting of a fire intensity measure of >3 were selected as the high severity plots, whereas plots comprising a
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fire intensity measure of 2 were interpreted as medium severity, and plots consisting of a fire intensity score of <1
were selected as low severity plots. The plots that were selected a fire intensity of 0 were considered unburned.
Table 1. Fire intensity categories for prescribed fires within Archbold Biological Station. Reprinted from “Station
Fire Management Plan,” by Main and Menges, 1997, Land Management Publication, 97. Used with permission.

FIRE
INTENSI
TY
DESCRIPTION

SURFACE
LITTER

0

Unburned

Unburned

1

Light

Patches
Unburned

2

Moderate

Consumed

3

Heavy

Consumed

DEAD LEAVES (0-2 M)

TWIGS

PALMETTO LEAF
BLADES

Not
Not Consumed (Green)
Consumed
Some Leaves Not Consumed Mainly Not
Scorched- (Brown)
(Green)
Consumed
Mainly Not Leaf Blades Partially
Leaves Scorched (Brown)
Consumed
Consumed
Leaf Blades Completely
Small Twigs
All Burned Off
Consumed-Petioles May
Consumed
Remain
All Unburned, (Green)

Microhabitat variables
At each sampling plot, we measured the following variables: percent leaf litter, percent bareground, leaf
litter depth (cm), canopy openness (%), shrub height (m), basal area of shrub (cm), number of fallen logs, and
distance to pond (m). One-five meter transect was placed randomly with ground stakes, rope and a measuring tape.
Along each transect, a 50cm-by-50cm vegetation quadrat was placed at the start of the transect and every meter
throughout the transect to obtain five vegetation measurements for each plot. Percent leaf litter and percent bare
ground within the quadrat were estimated to the nearest 5% within the vegetation quadrat. The depth of the leaf litter
was procured using a ruler in the deepest part of the litter within the quadrat and estimated to the nearest millimeter.
The canopy openness was measured in the same location and determined by a spherical densiometer, which
consisted of twenty-four ¼” squares (Lemmon 1957). The densiometer was placed 1.3m above the ground and each
square of the grid was then equally divided into four smaller squares. The number of squares that are covered by the
canopy was then be multiplied by 1.04 to produce the overstory density percentage (Lemmon 1957).

Shrub height was also measured along the transect using a height pole. A six-foot PVC pole was utilized
indicating height measurements throughout. The scorch height of each of those measured shrubs were also
7

determined with the height pole. Scorch height was based off visual burn marks in the base of the shrub or tree.
Basal area of shrub was measured at 1.3m above the ground, utilizing a measuring tape. The number of fallen logs
along the transect was included, with any fallen log that is 2 meters from the transect. Distance to nearest pond was
ascertained from a map using QGIS (QGIS Development Team 2018), by taking the point from the plot center to the
center of the nearest pond or wetland.

Herpetofaunal collection
At each sampling plot, we collected reptile and amphibians with the following sampling techniques: timed
visual encounter surveys, coverboards, and drift fence camera trap arrays. Timed Visual Encounter Surveys (VES)
were utilized to detect the presence of reptile and amphibian species. Each visual encounter survey consisted of two
people actively searching the plot for herpetofaunal species. During each of the surveys, the plots were intensely
sampled for a 45 minutes period and remained consistent for all 12 plots for all sampling periods. The plots were
set-up with marked flags to establish the boundary of the plot to be searched (Fig. 2). Each person started in a
different corner of the plot and walked in a clockwise circle pattern slowly while they made their way to the center
of the plot. Plants, ground, leaf litter and logs were actively and diligently searched. Animals were recorded only if
they are within the quadrat or two meters just outside of the quadrat, to limit any potential escaped animals. Every
reptile and amphibian species found was captured manually, if possible. The animal was then placed in a five-gallon
bucket for morphological data collection.

For each animal capture, date, time, plot number (#), species identification (ID), snout-vent length (to the
nearest millimeter), sex with the exception of the skinks, and age class (juvenile, adult) were all recorded. Snoutvent length was obtained by a ruler to the nearest millimeter, when the animal was in hand. Sex of the animal was
determined if species had observed sexually dimorphic characteristics. Age class was determined by length and
distinct adult characteristics. Reptiles were given an individual ID with nontoxic nail polish, while pictures were
used for amphibians for pattern identification. Animals that were seen but not captured were still recorded for
presence/absence data. Plestiodon reynoldsi tracks were also used for the presence of individuals within the plot.
Surveys were conducted either in the morning when reptiles are most active during the summer (08:00-11:00) or in
the late afternoon (17:00-20:00). Surveys were conducted at least twice for each plot per sampling period to make
sure all reptile and amphibian species were collected. Coverboards were checked during visual encounter surveys, in
8

which they were flipped over to check for any reptile or amphibian species underneath that may be seeking refuge.
Plots were also randomized to remove any possible bias with time of activity. Plots that were sampled once in the
morning were sampled again at least four days later and sampled in the afternoon. If multiple plots were sampled on
the same day, the plots were switched the next survey to reduce any possible sampling bias.

= Camera trap
array
= Vegetation
transect
= Coverboard
= Observer
path

Figure. 2 A schematic diagram of the 8m x 8m (64 m2) plots selected which consisted of a five-meter vegetation
transect, four coverboards in each corner of the plot, two camera traps with a drift fence array and visual encounter
survey within the plot.
For each plot, one camera trap array was set-up for a thirty-six-day sampling period. Camera traps were
arranged in a single-fence drift array, consisting of a three-meter-long silt fence that aided in funneling species into
the cameras’ view (Fig. 3). For each animal found on the retrieved camera data; plot # including specified severity
index, transect #, camera trap # and species found were recorded. Individuals’ identification for species were
manageable due to distinct markings or characteristics. Any reptile or amphibian species captured within 60 minutes
9

of the paired camera were only counted as one individual. This adapted drift fence technique is sensitive to the
detection of ectotherms unlike many other camera trap methods (Martin et al. 2017).

Figure. 3 Drift fence technique with a two-sided camera system in a high severity plot (adapted from Martin et al.
2017).

Herpetofaunal species traits
For each captured species, trait data was collected in the field or collated from the literature to test for
functional diversity (Table 2). In this study, trait types such as, resource quantity, habitat use, and foraging mode
were selected based on important reptile and amphibian measures that affects their performance and fitness. Body
size, primary habitat strata, shelter use, reproductive mode, and activity pattern were all examined. Body size is
utilized as an important trait since it is related to thermal tolerance and dispersal ability (Hu et al. 2016). Primary
habitat, shelter use and activity patterns are indicators of habitat preference and microclimate tolerance with
reproductive mode referencing reproductive potential (Hu et al. 2016).
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Table 2. Reptile and amphibian traits and their associated functional significance.
Trait Type
Resource Quantity (RQ)

Trait
Snout-vent length,
Reproductive mode

Functional significance
Body size is utilized as an important trait since it
is related to thermal tolerance and dispersal
ability and reproductive mode is indicative to
reproduction potential (Hu et al. 2016).
Categories for reproductive mode: ovoviviparous
or oviparous

Habitat Use (HU)

Primary habitat
strata, Shelter use

Indicative of habitat preference (Hu et al. 2016).
Categories for primary habitat strata: terrestrial,
arboreal or fossorial
Categories for shelter use: leaf litter, crevices,
coarse woody debris, sand

Foraging Mode (FM)

Time of Activity

Indicative of microclimate tolerance (Hu et al.
2016).
Categories: diurnal, nocturnal, or crepuscular

Statistical analyses
To test for species composition shifts based on fire severity, an analysis of similarities (ANOSIM: Clarke
1993) was performed. ANOISM is a non-parametric statistical test that gives an R-value and pairwise comparisons
between fire severity plots, which represents similarity in species abundance and reptile and amphibian composition
between fire severities. The R-values range from -1 and +1, with values closer to 1 indicating significantly different
communities (Santos and Cheylan 2013). Differences between reptile and amphibian abundance and composition
among fire severity plots were quantified with the Bray-Curtis similarity index. The significance of R was
determined by permuting the grouping vector 999 times to acquire the null-model R distribution (Santos and
Cheylan 2013).

To test if reptile and amphibian taxonomic and functional diversity were largest at the lower fire severity
plots, species richness and Shannon diversity index was quantified for taxonomic diversity (Magurran 1988). To
represent functional diversity; functional richness (FRci), functional evenness (FEve) and functional divergence
(FDiv) were quantified using the distance-based functional diversity indices of the FD package (Laliberté et al.
2014) utilizing a Gower distance matrix (Díaz-García et al. 2017). Functional Richness indicates the level to which
species within a community have occupied functional trait space, with greater numbers indicating species occupying
11

greater trait space which could indicate a buffer against environmental fluctuations (Díaz-García et al. 2017, Hu et
al. 2016). Functional Evenness is a measure examining the distribution of species in functional trait space (Hu et al.
2016). The values for functional evenness ranges between 0 and 1, with the lower numbers indicates lower
evenness. Lower functional evenness demonstrates there is an under-utilization of resources (Mason et al. 2005).
Functional divergence indicates the degree in which the dispersion of community functional traits is maximized with
the distribution of abundances (Díaz-García et al. 2017). Functional divergence also ranges between 0 and 1, with
larger numbers indicating higher divergence, which could indicate increased ecosystem function (Mason et al.
2005). To test if there was a significant difference in reptile and amphibian taxonomic diversity, as well as,
functional diversity between the different fire severity plots an analysis of variance (ANOVA) was performed.

To examine if reptile and amphibian taxonomic and functional diversity was positively associated with
microhabitat variables, quadratic regressions were performed given assumptions of normality were violated.
Quadratic regressions were run for all microhabitat variables as the predictor variables and diversity of both reptile
and amphibian species as response variables. The mean and standard deviation of all microhabitat variables in each
plot were also quantified to test if species diversity was responding to certain microhabitat variables.

To test if there was a significant difference in microhabitat variables and variability between the fire
severity plots, an ANOVA was performed on all microhabitat variables. A post hoc Tukey test for pairwise
comparisons was also conducted. Species accumulation curves were run to visualize species captured based on
sampling effort. A statistical significance of alpha value 0.05 was used to reject the null hypotheses, and all
statistical tests were performed in R 3.6.2 (R Core Team 2019). ANOSIM and species accumulation curve was
conducted with the vegan package (Oksanen et al. 2019). The ggplot2 package (Wickham 2016) was used for data
visualization.
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Results
A total of 549 individuals were captured representing 23 different reptile and amphibian species across the
12 sampling plots (Table 3). A total of 15 individual snakes were recorded consisting of 9 different species and a
total of 235 lizards from 5 different species. The most abundant reptile species recorded was Anolis carolinensis
(green anole), comprising 41.6% of total reptiles. There were 278 individual amphibians representing 9 different
species. The most abundant species of amphibians was Hyla squirella (squirrel tree frog), comprising 52.8% of all
amphibian individuals recorded. Anaxyrus quercicus (oak toad) was the second most abundant amphibian species
comprising of 33.1% of all amphibian individuals recorded. Across the sampled plots, species richness ranged from
0 to 8 for reptile species and 2 to 6 for amphibian species. Reptile taxonomic diversity ranged from 0 to 1.73 and
amphibian taxonomic diversity ranged from 0.67 to 1.56. Below are photographs of some reptiles and amphibians
captured utilizing the different sampling methods (Fig. 4).

Table 3. Total number of species at the different fire severity plots.
Species

Unburned

Low

Medium

High

Cemophora coccinea

0

0

0

1

Snakes
Coluber constrictor

1

2

1

0

Crotalus adamanteus

0

0

0

1

Diadophis punctatus

1

0

1

0

Drymarchon couperi

0

0

1

0

Masticophis flagellum

1

0

1

0

Micrurus fulvius

0

1

1

0

Pituophis guttatus

1

0

0

0

Pituophis melanoleucus

0

0

1

0

Anolis carolinensis

25

22

30

24

Aspidoscelis sexlineata

4

8

4

5

Plestiodon inexpectatus

4

8

7

2

Plestiodon reynoldsi

1

2

1

0

Sceloporus woodi

30

17

19

22

Lizards

13

Table 3. (Continued)
Amphibians
Acris gryllus dorsalis

0

0

0

1

Anaxyrus quercicus

9

32

19

32

Anaxyrus terrestris

0

7

5

6

Eleutherodactylus
planirostris
Gastrophryne carolinensis

1

2

9

0

1

1

1

0

Hyla femoralis

2

4

11

6

Hyla gratiosa

0

1

0

0

Hyla squirella

11

23

36

77

Lithobates capito

1

1

0

0

Figure. 4 Photographs of some reptiles and amphibians captured utilizing the different sampling methods. From left
to right: Sceloporus woodi captured by visual encounter survey, Anaxyrus terrestris sighted underneath a coverboard
and Pituophis melanoleucus mugitus captured by a camera trap.
Species accumulation curve
There is a plateau to the species accumulation curve for both the recorded amphibian and lizard species
sampled within the plots. However, the species accumulation curve for all recorded reptile species does not plateau,
indicating that not all snake species present in the plots were captured (Fig. 5).
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Figure. 5 Species Accumulation Curve: black line represents all reptile species, green line represents amphibian
species and red line represents lizard species, recorded in all 12 fire severity plots.

Community composition and fire severity
There were no significant differences between reptile communities across fire severity plots (R=-0.21,
p=0.97; Fig. 6a). Lizard and amphibian communities also were not significantly different between the communities
across fire severity plots (R=-0.18; p=0.92; Fig. 6b, R=0.07 p=0.28; Fig. 6c, respectively). The low R-value
indicates that the communities are relatively similar in composition. Across the fire severity plots, the low to
medium severity plots were the most similar compared with the high severity plots being the most dissimilar to all
other severity plots.

15

A

B

C

Figure. 6 Boxplots showing community composition of herpetofauna and fire severity, a) reptile communities, b)
lizard communities, c) amphibian communities.

Species diversity and fire severity
There were no statistically significant differences between species diversity across the fire severity plots.
The reptile and amphibian taxonomic diversity revealed a trend with fire severity. Reptiles had the largest species
richness (F-value=1.27, p=0.35; Fig. 7a) and taxonomic diversity at the medium fire severity plots (F-value=1.10,
p=0.40; Fig. 7b). Lizard richness (F-value=1.02, p=0.43; Fig. 7c) and taxonomic diversity also revealed a similar
pattern, with the greatest diversity and richness occurring at the medium severity plots (F-value=0.92, p=0.47; Fig.
7d). For both reptile and lizard taxonomic richness and diversity, the high severity plot had the lowest measurements
compared to the unburned, low, and medium severity plots. Amphibian species richness (F-value=2.08, p=0.18; Fig.
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7e) and taxonomic diversity were largest at the low fire severity plots and lowest at the unburned plots (F-value=
0.51, p=0.68; Fig. 7f).

For functional diversity, reptile, lizard and amphibian responses revealed a similar pattern to taxonomic
diversity. For reptile species, functional richness had the largest value at the high fire severity plot and the largest
median at the medium severity plots (F-value=0.19, p=0.90; Fig. 8a). Reptile functional evenness was largest in the
medium fire severity plot along with the low severity plot (F-value=2.53, p=0.13; Fig. 8a). Both the unburned and
high severity plots showed a lower functional evenness for reptiles comparatively. Reptile functional divergence was
also largest in the medium severity plot but showed similar divergence between all the different severity plots except
in the high severity plots (F-value=0.80, p=0.53; Fig. 8a).

For lizard species, functional richness was largest among the medium severity plots and lowest at the
unburned and high severity plots (F-value=1.22, p=0.36; Fig. 8b). Functional evenness for lizards was largest at the
medium severity plot and lowest at the high severity plot (F-value=2.67, p=0.12; Fig. 8b). Lizard functional
divergence was largest at the medium severity plot followed by the low severity plot, with the lowest divergence at
the unburned and high severity plots (F-value=0.26, p=0.85; Fig. 8b). For all three functional diversity indices for
lizards, the unburned and high severity plots had the lowest measurements compared to the low and medium
severity plots.

Amphibian functional diversity showed functional richness was largest among the lower severity plots (Fvalue=0.73, p=0.56; Fig. 8c). Functional evenness was largest for amphibians among the medium severity plots (Fvalue=2.67, p=0.12; Fig. 8c). Amphibian functional divergence did not show a trend across the different fire severity
plots (F-value=2.13, p=0.17; Fig. 8c). For all three functional diversity indices for amphibians, the unburned plots
had the lowest measurements compared to the low, medium and high severity plots.
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Figure. 7 Boxplots showing species taxonomic diversity and fire severity, a) reptile species richness b) reptile
diversity, c) lizard richness, d) lizard diversity, e) amphibian richness, f) amphibian diversity.
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Figure. 8 Boxplots showing species functional diversity and fire severity. Diversity indices include; functional
richness, functional evenness and functional divergence, a) reptile functional diversity, b) lizard functional diversity,
c) amphibian functional diversity.
Species diversity and microhabitat variables
The sole microhabitat variable associated with species diversity was leaf litter. All other measured variables
did not show any relationship with species diversity. Lizard species richness (R2=0.48, p=0.05; Fig. 9a) and
taxonomic diversity were significantly associated with leaf litter depth standard deviation (R2=0.63, p=0.01; Fig.
9b). Reptile functional richness (R2=0.59, p=0.01; Fig. 9c) and divergence was also significantly associated with leaf
litter depth standard deviation (R2=0.78, p<0.01; Fig. 9d).
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Amphibian richness (R2=0.37, p=0.12; Fig. 10a) was not related to mean leaf litter depth, however
taxonomic diversity was related to mean leaf litter depth at the different fire severity plots (R2=0.66, p<0.01;
Fig.10b). Amphibian functional evenness (R2=0.82, p<0.01; Fig. 10c) and functional divergence was associated with
mean leaf litter depth (R2=0.57, p=0.02; Fig. 10d). Interestingly, all species diversity measures were greatest at the
plots with an intermediate depth of leaf litter. Even though leaf litter depth was the only microhabitat variable
associated with species diversity; it explains a large variation given the large R2 values.
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Figure. 9 Reptile diversity related to leaf litter depth standard deviation (SD) a) lizard richness, b) lizard taxonomic
diversity, c) reptile functional evenness, d) reptile functional divergence.

20

B 1.6

5

Amphibian Diversity

Amphibian Richness

A6

4

3

1.2

0.8

2

0.4
0

1

2

3

4

0

1

Litter Depth (cm)

3

4

D 1.25
Amphibian Functional Divergence

C
Amphibian Functional Evenness

2

Litter Depth (cm)

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00
0

1

2

3

4

0

1

Litter Depth (cm)

2

3

4

Litter Depth (cm)

Figure. 10 Amphibian diversity related to leaf litter depth (cm), a) amphibian richness, b) amphibian taxonomic
diversity, c) amphibian functional evenness, d) amphibian functional divergence.
Microhabitat variables and fire severity
Among the microhabitat measurements that were collected in the field, there was a statistically significant
difference between fire severity plots for leaf litter depth and fire severity (F-value=4.43, p=0.04; Fig. 11a). A post
hoc Tukey test showed that the unburned plots and the high severity plots differed significantly at p<.05, the other
fire severity plots were not significantly different. The standard deviation of percent litter was also observed to be
statistically different between fire severity plots with the greatest variability at the medium severity plots (Fvalue=8.01, p<0.01; Fig. 11b). A post hoc Tukey test showed the unburned plots and the medium severity plots
differed significantly at p<.05. The high severity plots and the medium severity plots also differed significantly at
p<.05. The high severity plots and the low severity plots differed significantly at p<.05. There were no statistically
significant differences between fire severity plots for basal area of shrub (F-value=1.61, p=0.26; Fig.11c). The mean
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litter depth also showed statistically significant differences between fire severity showing a similar pattern to the
standard deviation of leaf litter depth (F-value=14.13, p<0.01; Fig. 11d). A post hoc Tukey test showed the
unburned plots and the medium severity plots differed significantly at p<.05, as well as the high severity plots
compared to the low severity plots and the unburned plots. All four microhabitat variables were lowest in the high
fire severity plots.
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Figure. 11 Boxplots for microhabitat variables at the different fire severity plots. Nonmatching letters identifying
significant pairwise differences, a) the standard deviation of litter depth, b) the standard deviation of percent litter, c)
the standard deviation of basal area of shrub, d) mean leaf litter depth.
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Discussion

The herpetofaunal species in the Florida scrub at Archbold Biological Station may not be responding
directly to fire severity but instead to the indirect effects of fire severity, such as microhabitat variables. This
coincides with the findings of previous researchers that examined herpetofaunal responses to time since fire and fire
frequency. They demonstrated species responded to the following microhabitat variables: bare ground, canopy
cover, and percent leaf litter cover (Ashton and Knipps 2011, Halstead 2007, Moseley et al. 2003, Mushinsky 1985).
Although, we show community composition, species taxonomic and functional diversity across the fire severity
plots were not significantly different; the trends provide support for the intermediate disturbance hypothesis for
reptile and lizard diversity. The “intermediate disturbance hypothesis” (IDH; Connell 1978) states the largest
diversity will occur at the intermediate frequency of disturbance because dominant species reduce diversity in
habitats with low disturbance and few species are able to endure high disturbances. The IDH encompasses not only
environments subject to disturbances at an intermediate frequency but also at an intermediate intensity, such as fire
intensity (Davis and Moritz 2013). Research on species responses to disturbances following the IDH have been
relatively mixed, as Moi et al. (2020) discovered when conducting a literature review on the IDH. They found 499
published articles in support for the IDH and 138 that found no support, with articles not supporting the IDH to be
increasing with time (Moi et al. 2020). However, there may be other drivers, such as habitat heterogeneity, that are
influencing species responses to disturbance (Moi et al. 2020). In this study, species diversity demonstrated weak
support for the IDH. Further support for the IDH was provided with species diversity peaking at intermediate depths
of leaf litter.

Community composition and fire severity
In this study, there were no significant differences in reptile, lizard and amphibian community composition
across fire severity plots. However, the high severity plots showed a trend with the greatest dissimilarity compared
to the unburned, low and medium fire severity plots. Snake species contributed to the dissimilarity between reptile
communities, with two-thirds of the high fire severity plots with no recorded snake species. Furthermore, two
threatened snake species, Drymarchon couperi (eastern indigo) and Pituophis melanoleucus mugitus (Florida
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pinesnake), were only located at medium fire severity plots. The most common snake species, Coluber constrictor
(black racer), only had four individuals captured with one recorded at an unburned plot, two at a low severity plot,
and one at a medium severity plot. None were captured at the high fire severity plot, which was interesting given
this species has a broad habitat range (Meshaka and Layne 2002). However, Rochester et al. (2010) also discovered
similar results with C. constrictor with no individuals captured following a wildfire in California when this species
was detected prior to the fire. This was potentially due to habitat preference and loss of cover. In our study, snake
species varied between and within the fire severity plots causing the overall similarity in species composition across
the fire severity plots.

The lizard species dissimilarities at the high severity plots are attributed to the greater abundance of
Sceloporus woodi, in addition to one-third of the high fire severity plots having no recorded lizard species. As
expected, S. woodi was captured in greater abundances at higher severity plots since this species tends to prefer
more open habitats (McCoy et al. 2013). In addition, two lizard species were also aiding in the dissimilarity of the
high fire severity plots, Plestiodon inexpectatus was found in low abundance in the high fire severity plots compared
to the other fire severity plots and Plestiodon reynoldsi was not present at any of the high severity plots. These
findings are consistent with previous studies that observed these species preferring unburned habitats (McCoy et al.
2013). This preference is likely due to the high severity plots burning most of the surface litter and the delayed time
interval for the leaf litter layer to return to a proportion that is sufficient for these species (Ashton and Knipps 2011,
McCoy et al. 2013). It is important to remember the dissimilarities observed in the high severity plots were a trend
and not significant differences. This is most likely due to pyrogenic ecosystems selecting for species that adapt to
fire. Ashton and Knipps (2011) observed similar patterns for reptile community composition when comparing time
since fire in rosemary scrub habitats.

The large abundance of Hyla squirella and Anaxyrus quercicus within the higher severity plots were
causing the amphibian dissimilarity. It was surprising to see the large abundance of certain species at the high
severity plots, particularly H. squirella. This species seemed to prefer the new growth of palmettos for refugia that
occurred at the higher severity burn plots in this study. They also may be responding to other environmental factors
associated to burned habitats, such as greater prey abundance and modified predator-prey interactions as seen in this
study, with low abundance and richness of snake species occurring in the high fire severity plots. A. quercicus was
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also captured at higher severity burn plots, with both species yielding a larger proportion of juveniles. Both these
species may also be utilizing these higher severity plots for an optimal growth temperature since higher severity
burn plots may be more susceptible to higher temperatures on ground level and in burrows. Hossack et al. (2009)
observed optimal temperatures for Bufo boreas (boreal toads) and found that high severity plots had the preferred
temperature range for this species compared to that of unburned plots. A. quercicus is also able to avoid desiccation
by burrowing, so is most likely able to withstand high severity plots (Moseley et al. 2003).

Although species composition was not significantly different between fire severity plots, the trends found
in this study were also documented in tallgrass prairies by Wilgers and Horne (2006). The researchers showed the
annual burning regime to be the most dissimilar herpetofaunal community composition compared to the long
unburned, 4-year burned and unburned plots (Wilgers and Horne 2006). Pinto et al. (2018) also observed significant
changes in herpetofaunal community composition to time-since-fire intervals in the Mediterranean, with notable
differences between medium burnt transects and recently burned transects. While Rochester et al. (2010) found
changes in herpetofaunal communities in California following a wildfire in chaparral and coastal sage, but no
differences in grassland and woodland plots. Warren-Thomas et al. (2013) also documented no change in frog
community composition between burnt and unburnt habitats in the forests of Peru. Overall, the results in this study
support previous studies comparing herpetofaunal composition responses to fire (Ashton and Knipps 2011, WarrenThomas et al. 2013).

Species diversity and fire severity
In this study, there also were no significant differences in reptile, lizard and amphibian taxonomic nor
functional diversity across fire severity plots. Once again, a repeated trend occurred for reptile and lizard taxonomic
and functional diversity with the largest diversity at the medium fire severity plots. The lowest richness and
diversity for reptile species occurred at the high severity plots, potentially due to reduced thermal quality for reptiles
to utilize or another factor, like predator-prey abundance (Ferreira et al. 2016). Many of the snake species
documented within this study are active foragers, which could increase their vulnerability to predators such as birds
in the high severity plots, where fire tends to consume all vegetation leaving a more open habitat (Richter et al.
2019, Webb and Shine 2007). This was documented by Webb and Shine (2007) when examining the abundance of
two snake species, Hoplocephalus bungaroides (broad-headed snake) and Cryptophis nigrescens (small-eyed
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snake), after a wildfire in Australia. They found the abundance of active foraging snake species decreased
significantly following a wildfire (Webb and Shine 2007). This could account for the lower reptile taxonomic
richness and diversity at the high fire severity plots since the majority of snakes captured were active foragers and
not recorded in the high severity plots where activity seems less favorable; however, many of the snake species that
were captured prefer open habitats so the intermediate severity plots may serve as the more favorable sites. Our
results support those of Howze and Smith (2021), they observed snake site selection to burn return interval in the
longleaf pine ecosystem. They documented snakes that prefer open habitats, such as Crotalus adamanteus (eastern
diamondback), Pituophis melanoleucus (Florida pine snake), and Masticophis flagellum (eastern coachwhip), tend to
prefer areas with an intermediate burn return interval. All recorded species avoided unburned habitats and favored
an intermediate burn return interval of every 2 to 2.5 years potentially due to increased basking areas and prey
availability (Howze and Smith 2021).

There also was a vast amount of variation in diversity in the high severity plots, which could be a result of a
fire measure that was not measured in this study, such as fire seasonality. Greenberg et al. (2019) conducted a study
in Florida longleaf pine sandhill habitats recording herpetofaunal short term responses to burn season and found
Plestiodon inexpectatus had increased capture rates two years after growing season burns compared to dormant
season burns. Whereas other herpetofaunal species, like Anaxyrus quercicus showed decreased captures rate two
years after growing season burns; thus, season of burn may be affecting certain species within these high severity
plots in scrubby flatwood communities (Greenberg et al. 2019). Due to the weak trend observed in this study with a
peak of diversity at the medium fire severity plots, reptile species are most likely weakly responding to the IDH.

Ashton and Knipps (2011) support these findings having documented Asphidoscelis sexlineata having
greater abundance at sites with an intermediate time since fire in rosemary scrub habitats, since this species is most
likely following habitat structure differences, such as percent bare ground. They found a polynomial relationship
with time since fire and percent bare ground with the largest percent bare ground at the intermediate levels of time
since fire, thus the intermediate disturbance frequency is causing the larger abundance of this species at the
intermediate levels since they also prefer open habitats (Ashton and Knipps 2011). However, not all documented
species supported the IDH, with many species responding differently to disturbances in different types of habitats,
such as sandhill and sand pine scrub habitats (Ashton and Knipps 2011, Mushinsky 1985). Lindenmayer et al.
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(2008) documented reptile taxonomic responses to wildfire in Australia and found no relationships between time
since fire, number of fires, or the severity of fires and that reptile species were associated with vegetation. Hu et al.
(2013) also observed the same pattern in temperate forests with reptile species evenness responding instead to fine
scale vegetation structure. Thus, fire seems to impact species differently depending on the species and the fire’s
characteristics for example, fires can enhance regrowth of vegetation which could increase foraging opportunities of
herbivores and insectivorous reptiles (Roe et al. 2019). That could also be the reason for seeing smaller taxonomic
diversity at the unburned plot since only few lizard species, such as Anolis carolinensis, are able to specialize in
these undisturbed habitats due to habitat preference and species-specific behaviors, thus fire at an intermediate level
creates more opportunities for more species to coexist (Davis and Moritz 2013, Roe et al. 2019).

Reptile functional diversity appears to have also followed the same pattern as taxonomic diversity, with the
largest values occurring at the medium fire severity plots and the lowest at the unburned plots. Reptile functional
diversity did not differ significantly between fire severity plots, which was also seen in by Hu et al. (2016). They
attributed their findings to the communities being relatively species-poor with four dominant generalist species with
similar traits. This could also be the case for this study, since there were four lizard species dominating the
communities that had relatively similar traits. However, Chergui et al. (2020) showed functional responses of
reptiles are habitat dependent, with functional richness increasing with fire in pine plantations but did not change in
cork oak forests. Thus, the Florida scrub may be a habitat that does not show any significant differences in
functional diversity across fire severity, potentially due to species being adapted to these pyrogenic habitats (Ashton
and Knipps, 2011), which selects for species with similar fire-adapted traits (Gainsbury and Colli 2019). Although,
reproductive mode was used in this study, other fecundity measures may lead to different results since some studies
observed species with larger clutch sizes responding linearly to disturbance (Hu et al. 2020).

Amphibian taxonomic diversity showed a different pattern with the largest diversity at the lower fire
severity plots. Amphibians were expected to respond differently than reptiles due to their dispersal patterns,
restricted geographical ranges, and complex life histories all which could make them particularly vulnerable to fire
and management practices (Pilliod et al. 2003). Amphibians have moist skin that is permeable, so most rely on
moisture or wet habitats to survive since most amphibian species find refugia in moist environments like riparian
zones and half of their life cycle consists of developing in the water (Greenberg and Waldrop 2008). This could be
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an indicator of why amphibian diversity does not seem to change when it comes to fire. Amphibians have also been
shown to be rather resilient to fires and this study also demonstrates that with the higher richness and diversity at the
burned plots compared to the unburned plots (Munoz et al. 2019). This contradicts what Hromada et al. (2018)
discovered when comparing amphibian responses to unburned and burned plots in an oak/hickory forest. They found
higher abundance of amphibian species at the unburned plots however these responses were most likely not due to
prescribed fire but another environmental factor, such as wetland accessibility.

As expected, there was an increase in amphibian taxonomic diversity at the lower fire severity plots in this
study, however due to the peak in diversity at the low fire severity plot amphibian species are most likely not
following the IDH. Westgate et al. (2012) supports these findings when they studied anuran responses to fire in
southeastern Australia and whether or not they follow the IDH. Their results indicated no evidence that anuran
species richness was related to fire return interval at an intermediate level of disturbance, since there was neither an
increase nor decrease in species richness at differing fire return intervals (Westgate et al. 2012). On the other hand,
Schurbon and Fauth (2004) discovered that one amphibian species in particular, Hyla femoralis (pinewoods
treefrog), had the largest abundance at an intermediate level of years since burn in forests of South Carolina, stating
that these species were fire-dependent thus for the increase at the intermediate level. Ultimately more research needs
to be done on the IDH and fire severity. It is also hard to determine what is actually considered an intermediate level
of natural disturbance, in this case it could be either considered a low or medium severity plots or neither since this
study was conducted after prescribed burns instead of natural fires (Lindenmayer et al. 2008). Especially, given that
species from the genera Bufo and Scaphiopus were observed to have larger capture rates following a prescribed burn
compared to that of a wildfire (Brown 2013).

Amphibian functional richness showed a similar trend to taxonomic diversity, with the largest values for
functional richness occurring at the low fire severity plot. For functional evenness, the medium severity plots had the
largest functional evenness values with functional divergence not showing much of a trend between the different fire
severity plots. However, amphibian functional diversity was not significantly different between the different fire
severity plots potentially due to the plots being relatively patchy following prescribed burning (Hu et al. 2020). This
also coincides with Hu et al. (2020) finding no differences in amphibian functional diversity from time since fire
between plots. Also, since vegetation tends to grow back relatively quickly, with new shoots sprouting out almost
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immediately following a fire and taking around 1-4 years to return to pre-burn condition, perhaps amphibian species
are able to recolonize from adjacent areas and because only few burrowing species are able to persist at the high
levels of intensity, species will recolonize in the lower fire severity plots, thus the larger diversity (Abrahamson et
al. 1984, Westgate et al. 2012). Although, amphibian taxonomic and functional diversity was smallest at the
unburned plots, these unburned plots also had the greatest variation in diversity compared with the other fire severity
plots, potentially due to the variation in lichen abundance only in the unburned plots, which could account for the
observed variation since, lichen is a significant element of ground cover than can also become interlaced with
insects and leaf litter providing refuge for both prey and predators (Hawkes and Menges 2003).

It is interesting to note that functional responses for both reptile and amphibian species were following the
same pattern as taxonomic diversity. Species richness and functional richness resembled the same pattern, which has
been seen in other studies exploring at both taxonomic and functional responses of species. Tsianou and Kallimanis
(2019) studied amphibian diversity across environmental drivers in Europe. They documented functional richness of
amphibians decreased with higher latitudes and mirrored species taxonomic richness due to their restricted thermal
ranges (Tsianou and Kallimanis 2019). Hu et al. (2020) had similar conclusions when looking at herpetofaunal
diversity to time since fire; however, attributed it to species richness remaining relatively constant between
disturbance ages thus not seeing a difference between taxonomic species richness and functional richness.
Functional richness was also relatively low for reptile, lizard and amphibian species in this study, which may
indicate a lower buffer against environmental fluctuation (Díaz-García et al. 2017, Hu et al. 2016). However, the
lower functional richness may also be due to the low number of species captured within the plots since taxonomic
species richness has a strong effect on functional richness (Cadotte et al. 2011, Tsianou and Kallimanis 2019). This
may not always be the case given that Santillan et al. (2019) observed bird species richness in Ecuador to increase
with forest fragmentation, while functional richness decreased with fragmentation at low elevations showing a
decoupled response. Although, elevation appears to be the contributing factor for the observed response in their
study (Santillan et al. 2019), responses between taxonomic and functional diversity metrics can vary between
habitats, disturbances, and environmental gradients (Cadotte et al. 2011).

Both functional evenness and functional divergence for reptile and amphibian species yielded a trend of
greater functional diversity in both the medium and low plots, respectively. These species are most likely utilizing
29

all the resources in these intermediate burnt habitats. Biswas and Mallik (2010) also came to the same conclusions
when observing different anthropogenic disturbances to both species’ diversity and functional diversity of upland
plant communities in Canada. Both species taxonomic diversity and functional diversity were following the same
pattern with abundance peaking at intermediate levels of disturbance intensity, thus also following the IDH (Biswas
and Mallik 2010). Although, there was not significant differences in functional diversity and fire severity, the traits
used in this study were good representation of traits for these species in the Florida scrub at Archbold Biological
Station since these are traits that have been used in many functional diversity studies for reptile and amphibians
(Chergui et al. 2020, Hu et al. 2016, Tsianou and Kallimanis 2019) providing support that the herpetofauna species
diversity is not responding to the direct effects of fire, but instead to the indirect effects of fire. Ultimately, the low
to medium burn plots most likely provide the greatest thermal heterogeneity and microhabitats, in particular leaf
litter depth, for reptiles and amphibians to utilize resulting in greater richness and diversity (Hossack et al. 2009).

Species diversity and microhabitat variables
Of the microhabitat variables that were measured in this study, leaf litter depth appeared to be influencing
species diversity in this study. Leaf litter depth has been documented throughout different biogeographic regions,
such as Costa Rica, India, and Uganda, to be correlated with herpetofaunal diversity (Balaji et al. 2014, Fauth et al.
1989, Vonesh 2001, Whitfield et al. 2014). Leaf litter accumulation is an important food source for small lizards
feeding on arthropods (Hu et al. 2013). It can also provide important shelter use for many species and protection
from predators, such as birds (Whitfield et al. 2014). It also provides a buffer of high humidity and stable
temperatures (Whitfield et al. 2014). Leaf litter may also promote optimal habitats for egg laying for many of these
reptile species (Whitfield et al. 2014). Reptile taxonomic and functional diversity was expected to be positively
associated with microhabitat variables, since researchers have documented the more microhabitats for species to
utilize the greater the diversity (Price et al. 2010). However, for lizards, species richness and diversity along with
reptile functional evenness and divergence all appeared to be greatest at the plots with medium leaf litter depth
standard deviation.

Amphibian taxonomic and functional diversity was also expected to be positively associated with
microhabitat variables, however amphibian diversity, functional evenness and functional divergence responded
directly to the depth of the leaf litter and showed greatest diversity at the intermediate depths. Loss of leaf litter and
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cover in microhabitats could also increase the risk of desiccation in amphibians by increasing exposure to higher
temperatures and reducing moisture (Pilliod et al. 2003). This desiccation could lead to increased physiological
stress and predation (Pilliod et al. 2003). Reduction in moisture has been a large factor in decreased amphibian
abundance thus, amphibians may not be as prevalent in high severity plots where microhabitats and moisture tend to
decline (Moseley et al. 2003). Distance to pond was not a significant covariate for amphibian species responses, but
some species may be able to reproduce in ephemeral sources of water (Greenberg et al. 2018).

Richter et al. (2019) found greater richness and diversity of plants in medium severity plots compared to
low and high severity plots in mixed conifer forests. They attributed this response to species being adapted to
frequent low severity fires and these species not being able to respond to high severity fires causing a decrease in
diversity (Richter et al. 2019). Reptile and amphibian species may also be responding to the complexity of
vegetation with the greatest microhabitat variability at an intermediate level. The species in this study may not prefer
certain types of general homogenous habitats, but more of a balance between open and closed habitats (McCoy et al.
2013). This may account for why species diversity was greatest at the intermediate microhabitat variable level.
Especially, given that greater leaf litter cover has resulted in lower diversity of the understory, which leads to
homogenization as seen by Richter et al. (2019).

Microhabitat variables and fire severity
Microhabitat variables and variability decreased with increasing fire severity with variables being the
largest at the lower severity plots and smallest at the higher severity plots but only for the standard deviation of leaf
litter and the mean leaf litter depth, which were the only variables significantly influencing species diversity. Fire
severity effecting microhabitat variables have also been documented by Costa et al. (2020), comparing habitat
structure to fire severity. They found that unburned plots had increased canopy cover, tree density and leaf-litter
weight while those habitat structure variables decreased with increasing fire severity. However, they also found that
some variables, such as ground exposure, increased with fire severity then dropped at the high fire severity plots
(Costa et al. 2020). Percent litter showed a different pattern with increased variability with increasing fire severity,
but then dropped at the high severity plots. Basal area also followed the same pattern as percent litter, although it
was not significantly different between the fire severity plots. This is most likely the cause of high severity fires
causing everything to be consumed resulting in decreased microhabitat variables, and in turn decreased species
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diversity (Richter et al. 2019). That is also why litter depth is lowest at the high severity plots. The unburned and
high severity plots were responding similarly, but species appeared to prefer the intermediate variables occurring in
the low to medium fire severity plots. Ultimately, the different fire severity plots are significantly influencing
microhabitat variables and variability that are important factors for herpetofaunal diversity.

Limitations and future research
This research was only conducted over a single breeding season with limited sampling of plots due to both
monetary and time constraints. Due to the limited sampling period, this was an underrepresentation of the
herpetofaunal community, particularly the snake species. Further research is needed to better understand the effects
of fire severity on snakes. Studies should also be done over longer sampling periods, utilizing other sampling
methods such as pitfall and funnel traps to capture temporal shifts. Sampling considerably more sites may also aid in
reducing the observed variability. Future studies should also collect the distance of potential breeding sources for
amphibians, since these parameters could influence some of the observed species’ responses. Especially, since
Robertson et al. (2018). observed increased population sizes of amphibian species with increases fire intensity due to
potential increases in nutrient availability in the Florida scrub. Fire frequency, fire history, seasonality and time
since fire should all be examined in conjunction with fire severity in future studies to further understand the
relationship of fire on herpetofaunal diversity.

Conclusion
Although, it appears that fire severity does not have significant direct effects on herpetofaunal species diversity
in the Florida scrub habitats of the Lake Wales Ridge, it does have indirect effects on microhabitat variables that are
important for these communities. Increased fire severity could impact leaf litter depth which could have detrimental
effects on herpetofaunal diversity. In addition, there are particular species that may be more vulnerable to fire
severity in the face of climate change. The threatened Plestiodon reynoldsi is one of these species and should
continue to be closely monitored. This study highlights the importance of fine-scale microhabitat variables as an
important indicator for biodiversity conservation. The current prescribed fire management at Archbold Biological
Station should continue to burn these areas frequently with varying low to medium fire intensities to aid multiple
herpetofaunal species by providing adequate microhabitats which in turn, will increase richness and diversity of
native species and species of concern.
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